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Introduction

Probably no group of plants, fossil or living, has ever created

as mucli combined interest for the botanist, geologist and lay-

man as the rather heterogeneous assemblage of vegetative and
reproductive ''species" included within the Palaeozoic Pteri-

dospermae. However, from the time of the publication of

Palaeobotany's foundational 'Histoire' of Brongniart (1828)

three-quarters of a century was to elapse before the com-
bined efforts of Oliver, Williamson, and Scott gave positive

evidence of the seed-bearing habit of the pteridosperms, al-

though the great French palaeobotanists had in the previous
decades gathered together highly suggestive evidence. An even
longer time was to elapse before new concepts of morphology,
based largely on an increased knowledge of these and other
fossil forms, began to cast doubt on the concept of a filicinean

ancestry of the seed plants.

The relatively abundant primary wood of these plants early

attracted considerable attention, and in many cases its taxo-

nomic value seems to have been emphasized at the expense of
the secondary wood. No careful survey of the secondary wood
has ever been undertaken, an omission which is perhaps partly
explicable as a reactionary feeling towards the questionable
taxonomic value of the secondary wood in certain other groups.

^ An investigation carried out at Cambrirlge University, England, and in the Grad-
uate Laboratory of the Henry Shaw ScliooT of Botany of Washington University,
and submitted as a thesis in partial fulfilhncnt of the requirements for the degree
of doctor of philosophy in the Henry Shaw School of Botany of Washington Uni-
versity.

(51)
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The description of many fossil coniferous and angiosper-

mous woods whose affinities are doubtful has tended to dis-

credit the taxonomic value of the secondary wood in general.

Only within recent years has a thoroughly organized study of

living angiosperm woods been commenced, and already it is

proving of great significance.

It is the purpose of this paper to present the results of a
I

study of the secondary wood of many of the plants included

within the Pteridosperniae and a comparative analysis of the

nature and taxonomic significance of the primary and second-

ary xylem. It is not intended to present an exhaustive treatise

on the stelar anatomy of these plants, much of which would

only be repetition, but rather to bring to light those aspects

of their structure which have been neglected for one reason or

another.
I

Although Harris wrote in 1932 that, "It should be pointed

out, however, that we do not know what constitutes a pterido-

sperm or what are the morphological limits of this class," it

will be shown in the following pages that when the supposed

seed plants of the Upper Palaeozoic, especially the secondary

wood, are studied with reference to their stelar anatomy, three

main types may be distinguished. One of them is exemplified

by the very simple, mostly protostelic, Upper Devonian and

Lower Carboniferous forms (Type I, p. 71) ; one includes

plants of cordaitean-coniferous affinities (Type TV, p. 82) ; and
the third is characteristic of the plants for which (he class

Pteridosperniae was originally established (Types II, p. 72,

and III, p. 77).

At the outset it should be stated that the view that the pteri-

dosperms represent an intermediate group between the ferns

and the cycads is no longer tenable. Rather we must look to a

common psilophytalean-like ancestor with terminally borne

sporangia, a solid protostele and primitive secondary wood for

the origin of the ferns and pteridosperms (the secondary wood
being usually lacking in the former). In support of this view

the following points must be kept in mind

:
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(1) The evidence supplied by fructifications is overwhelm-

ingly in support of the commonorigin of the ferns and pterido-

sperms from plants with terminally borne sporangia. This

position has been retained by the latter, whereas in the ferns

the sporangia have become dorsally located on the leaf-like

structures termed sporophylls. There can no longer be any

doubt that sporangia had their origin at or near the tips of

branches or telomcs^ as evidenced by such plants as Rhynia,

Horneopliyton (Barghoorn & Darrah, '38), Asteroxylon^ He-

deia^ Sporogenites, PsilopJiyton^ and Taeniocrada.'^

(2) There is no evidence that the position of sporangia

superficially on the dorsal surface of leaves (as in the majority

of living ferns) is anything other than derived from a terminal

position.

(3) It is only in Upper Carboniferous rocks that fructifica-

tions closely comparable with, and which may readily have led

to, modern ferns become abundant. Among the better-known

forms and their probable relationships are: Oligocarpia (Glei-

cheniaceae), Seftenhergia (Schizeaceae), Ptijchocarpus, As-

terotheca, and Scolecopferis (Marattiales).^

(4) Below the Upper Carboniferous these fern-like fructi-

fications are much less abundant, but, beginning in the Lower
Carboniferous rocks and extending up through Jurassic times,

there runs quite a different line of microsporangiate fructifica-

tions. The fundamental similarity of their organization is

such as to indicate with little doubt a great and continuous

line of development. Some of the better-known members of

this group are: Telangium, Crossotheca, Aulacotheca, Whit-
tleseya, Potoniea, Goldenbergia, Dolerotheca, (Kidston, '23-

'25, Halle, '33) ; Pteruchus and Caytonanthus (Thomas, '25,

'33). The members of this line retained their sporangia in a
F

* With the exception of the Ljcopod line represented by such members as Barag-

wanatJiia and Frotolcpidodoidroru In tlic former the sporangia were borne on the

stem close to the leaf axil whereas in the latter they were borne in much the same
manner as in LepidodcndroTi,

'A few of the more pertinent publications relating to these genera are: Krauael

('36), Kidston & Long ('20-'21), Halle ('36), Dorf ('33), Bertrand ('13).

"See Kidston, '23-^25; Eadforth, '38,
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terminal position for the most part, although modified by fu-

sion and aggregation of various types. The plants included

under (1) above are undoubtedly representative of the com-
plex from which both the fern and pteridosperm lines arose.

It must be emphasized that there is no evidence that the

ferns were evolved prior to the pteridospcrms. If either has

priority the evidence points rather to the pteridospcrms. This

is by no means an original concept on the part of the present

writer but its significance certainly has been overlooked by
botanists in general. Robert Kidston, one of the greatest au-

thorities on Carboniferous floras, presented a concise discus-

sion of the matter in his 'Fossil Plants of the Carboniferous

Roclvs of Great Britain' (pt. 4, pp. 277-8). He considered in

particular the value of the presence or absence of an annulus
on a sporangium as a means of distinguishing between ferns

and pteridospcrms and pointed out that its absence, although
generally considered indicative of the pteridospcrms, must be

used with reserve. Kidston 's conclusion, that '

' They [the ferns

and pteridospcrms] appear as two distinct groups as far back
as they can be traced, and from the earliest time seem to have
constituted two parallel lines of development," has been more
firmly substantiated since it was written.

It may also be pointed out that the cupule, although a mor-
phologically problematical organ, seems to be a distinctive one

of the pteridospcrms, and it is now well known from the Lower
Carboniferous. This will be discussed further in a later paper.

In view of the above evidence and our knowledge of the

actual connection or association of the vegetative and repro-

ductive parts of such plants as Lyginopteris and Uetcran-
gium^ and the South African pteridospcrms (Thomas, '33),

Harris's statement that wo do not know what constitutes a

pteridosperm is not entirely valid. To be sure, we do not know
what the exact limits of the group are but we do have a fair

knowledge of the characteristic structures of the types for
which it was created, such as the terminally clustered sporan-

*Sc>c Ilalle, '29, pp. 18-22, for a summary of knowTi seed-bearing species of
ptcridosperms.
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gia, the cupulate seeds, the fern-like foliage and the secondary
wood (see pp. 72-82).

Before presenting the results of the study of the secondary
wood the primary body will be considered in the light of

Prof. Bower's ''Size and Form" principles (Bower, '30).

Certainly few greater contributions to morphology have been
made in recent years than that author's explanation of the

relationship between living parenchjTna cells and the dead
conductive elements of the primary body. It is safe to assert

that had 'Size and Form in Plants' appeared twenty-five years
earlier considerably less confidence would have been placed
in the taxonomic value of the primary body as a means of

delimiting species and genera in the Pteridospermae.

Variation in the Anatomy of the Primary Body

Anatomical variations have not gone entirely unnoticed. In
1917 Seward pointed out the fact that

:

"Tlie external position, of the protoxylem is a character to which too much
weight may easily be attached; the difference in position between the protoxy-
lem of Ehetinangium and ITeterangium is in some examples of the latter genus
hardly perceptible. Kubart (1914) speaks of the stele of his species Eeteran-
gium Sturi as being almost exarch. The inconsistency in the position of the
protoxylem of the osmundaceous stems and in the primary bundles of Eristo-
pliyton and otlier Palaeozoic genera is worthy of consideration in this con-
nexion.

"

In his discussion of "Old Woodand the New." Scott
wrote :

"Lastly, we come to Cordaitts itself, which is anatomically on the same level

as recent Cyeads; centripetal wood lias wholly disappeared from the stem
while it still forms the main constituent of the xylem in the bundles of the leaf. '

'

There is, of course, no close relationship between the cyeads,

on the one hand, and Cordaites and related forms, on the

other ; if such existed in the past it must be traced to a com-
mon ancestor in pre-Carboniferous times. Since in practically

all of the earliest vascular plants with secondary wood, the

centripetal wood composing the metaxylem was abundant if

not predominant, its presence in the more conservative Darts
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of the later divergent groups would necessarily be expected.

Like the seed habit, which had its origin independently in vari-

ous groups such as the cordaites, pteridosperms, and lycopods,

the centripetal or ''Old Wood" occurs in widely divergent

groups and must be used with caution as a taxonomic charac-

ter. The same holds true for the position of the protoxylem

as will be shown in the following pages.
i

The primary body of Lyginopteris oldhamia (Binney) Potonie

In view of the abundant remains of this plant in Upper Car-

boniferous times, its wide distribution, and the many authors
I

through whose hands it has passed, a further consideration

may seem superfluous. Although the gi'oat range in size and

structural details of the stem particularly is generally known,

the figures and descriptions are scattered through the litera-

ture and many of the more interesting features have never
I

been adequately described. Furthermore, it Is only when such

figures are presented at the same magnification that a true

picture of the variation is realized.

Figures 1 to 10 of plates 5 and G represent transverse sec-

tions (all shown at a magnification of x 7.5) which have been

selected to show variation in size of the stem, the nature of the

primary xylem, and the sclerotic "nests" and resin cells. '^

The limits of publication necessitate the presentation of only

the most outstanding features. It must be borne in mind, how-

ever, that one of the most significant points in the stelar varia-

tion of Lyginopteris lies in the fact that no sharp divisions can

be drawn separating true forms or varieties. The variation is

wide but the almost inseparable intergradations preclude any

segregation.
I

a. Size variation. —The great variation in the size of the

primary body of the stems may be seen by comparing figs. 1

and 2 of pi. 5. Although I have observed but few stems smaller

than that shown in fig. 2 the larger one shown in fig. 1 is not
I

* These have been drawn from a study of some few hundreds of slides of tliia

plant contained in the Scott, Williamson, Kidston, Manchester, TTniversity College

(London), Binney (Cambridge), Cambridge Botany School, and Li%e TTniversity

CoUectionSj in addition to numerous ''nitrocellulose pulP' preparations and blocks,

suDidied to the author bv Messrs. W. Ilemin^wav and J. E. Lomnx.
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the maximum that the stems may attain. Aside from its some-

what exceptional size, fig. 1 represents a more or less typical

stem with respect to relative extent of primary and secondary

bodies, abundance and distribution of primary xylem, and

sclerotic "nests." It is quite similar to the type specimen

(pi. 6, fig. 5) except that the primary body of the latter Is rela-

tively smaller.

h. Parenchyma-sclerenchyma relationship. —There is con-

siderable divergence from the more or less spherical nests as

seen in figs. 1 and 5. In addition to such groups there are

usually scattered through the pith numerous individual cells

(sclerotic or resinous) with dark contents. In some sections

the sclerotic nests are absent and the individual secretory cells

are more or less uniformly scattered throughout the pith

(fig. 4). Particularly small stems (fig. 2) may be almost or

entirely lacking in either. That fig. 2 represents a small but

mature stem and not merely a young one is evidenced by the

prolific secondary xylem.

The distribution and abundance of these pith elements may
be highly variable. In figs. 1 and 4 they are quite uniformly dis-

tributed, whereas in fig. 8 they form a peripheral cylinder im-

mediately within the secondary xylem, or they may be con-

fined to the central region of the pith as in fig. 7 and to a lesser

extent in fig. 10.

c. Primary xylem. —The primary wood, with its mostly cen-

tripetally developed elements, generally occurs as five or six

rather widely separated eccentrically mesarch bundles in di-

rect connection with the secondary wood. However, the occur-

rence of a continuous band of primary tracheids in small stems

(fig. 3) or of a nearly continuous ring in larger stems (fig. 9)

is not uncommon. Various intermediate forms between con-

tinuous rings and typically scattered bundles (figs. 1, 5) are

to be found. In pi. 8, fig. 17, the primary xylem extends un-

broken through approximately 180°, the remainder of the pe-

riphery being composed of isolated bundles.

The eccentrically mesarch bundles are well known and need

no further description here, but a few of the more interesting
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divergences from the normal bundle (shown for comparison in

pi. 10, fig. 32) may be briefly noted. Figure 35, a camcra-lucida

drawing of a bundle in the stem shown in fig. 17, shows abnor-

mally high development of the centripetal elements. Figure 34

shows a very loosely aggregated ''bundle" with no readily

distinguishable protoxylem. The nature of the specimen whose

primary bundle is shown in fig. 35 will be taken up below.

d. Extra-stclar meristematic activity. —The most remark-

able stem referable to Lyginopteris oldhamia that has come to

my attention and which, to my knowledge, has never been de-

scribed is shown in pi. 7, figs. 11, 14, 15, 16
;

pi. 10, fig. 33. Its

extraordinary feature lies in the presence of a complete medul-

lary cylinder of secondary xylem.

The occurrence in Lyginopteris of internal (secondary) xy-

lem in association with the primary bundles (fig. 12) and even

irregularly scattered between tliem (fig. 13) is not uncommon,

and as such may be of no phylogenctic significance ; at least

such was the opinion of Williamson and Scott (1896). But
when this internal xylem forms a complete cylinder it most

certainly merits careful consideration. The tracheidal cells of

this internal secondary xylem are arranged for the most part

in radial rows and are of about the same size as the earliest

formed centrifugal secondary xylem tracheids ; the degree of

lignification is the same in both. The amount of associated

"ray" or parenchyma colls may be seen to be somewhat
greater in the former.

The nature of the tissue between these two bands of second-

ary xylem is shown in figs, 16 and 33, the latter being a camcra-
lucida drawing. It will be noticed that there is a striking re-

semblance to the "partialmark mit primartraclieiden" of the

Chemnitz Medullosas (Weber and Sterzel, 1896). No distinct

primary bundles are present, the primary tracheids being
scattered as individual cells or in small groups throughout the

''partialmark." When in small groups they are usually in

contact with the tracheids of the normal secondary xylem
(fig. 33), but the groups consist of only a few cells and lack a
distinct protoxylem.
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The ontogenetic origin of such an internal cylinder of xylem

is of considerable interest. If it had been laid down in the usual

way for secondary wood, by a single row of meristematic cells,

one would expect the parenchyma, either on its inner or outer

face, to show some indication of crushing. It is, however, for

the most part well preserved and there seems to have been no

crushing.

Another type of meristematic activity which occasionally

occurs in Lyginopteris stems may be noted. At a in pi.

fig. 19, a group of radially arranged cells appears which are

almost in contact with the normal secondary xylem and tend to

flare out somewhat at the opposite extremity. The cells of

such groups are not always radially arranged but may be less

regularly oriented as shown in fig. 13. They are unlignified

and there is no indication of a true cambium. Whether or not

the internal secondary xylem described above represents a

later stage (after lignification) cannot be proven but presents

an interesting possibility.

It is evident from Miss Esau's studies that the sharp dis-

tinction between primary and secondary vascular tissues on

the basis of radial arrangement is invalid. She has shown that

in Nicotiana glauca Graham and N. tabacum L. ('38) and in

Apium graveolens L. ('36) the procambium may lay down
radial rows of primary xylem. Of the latter species she states

:

"As the layer of dividing procambium cells narrows down to a few rows

of cells, the meristem shows an increasing similarity to the cambium of herba-

ceous dicotyledons. Eventually cells appear with short radial diameters and

become arranged, in longitudinal sections, in horizontal tiers. The longitudinal

divisions are predominantly periclinal and tlie resulting cells retain a radial

arrangement in the mature state.
'

' [ '36.]

Since the ontogeny of primary and secondary vascular tis-

sues is a continuous process (except where the primary xylem

is entirely centripetal) one must follow Miss Esau's concep-

tion of procambium and cambium as two developmental stages

rather than as two distinct meristems. In the light of our

knowledge of such procambial activity in living plants it ap-

pears not impossible that this apparently secondary centrip-

etal growth in Lyginopteris may be of like origin.
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Williamson and Scott (1896) dismissed these anomalies as

lacking significance and in his 'Studies' (1923) Scott writes:

''The most frequent anomaly in Z. oldJmmm is the formation of a medullary

cambium, usually arising first inside the primary xylem strands and producing

wood and ba*st with inverted orientation, ... in extreme instances the wood
may become broken up into several distinct masses, each with its own ring of

cambium, forming new secondary tissues all around it.
'

'

The conclusions of these authors might be accepted without

reservation for instances where the internal xylem is asso-

ciated only with leaf traces (pi. 7, fig. 12), but when it forms a

complete ring the similarity to such woods as Cycadoxylon
rohustum or certain of the Permian Medullosas is too striking

to ignore ^ny possible phyletic implications.

Although the identification of the specimen may be called

into question, there seems to be sufficient evidence in favor of

its allocation to L. oldliamia. Most of the tissues external to
I

T

the secondary xylem have been destroyed, although there is a

fragment of the characteristic " Dictyoxylon " cortex present.

The characteristic sclerotic nests and secretory cells are pres-

ent in the pith (pi. 7, fig. 11), and the general structure of the

centrifugal secondary xylem is typical. Furthermore, this in-

ternal secondary xylem occurs in association with leaf traces

(fig. 12) and even irregularly scattered between them (fig. 13)

in undoubted specimens of L. oldhamia.

e. Roots. —The relationship between the tracheids and
parenchyma in the roots of L. oldhamia in general coincides

with the physiological requirements of Bower's ''Size and
Form" principles. The smaller roots (pi. 8, fig. 22) usually

have a solid primary body while in the larger (figs. 20, 21, 23)

there is an admixture of parenchyma (these figures are all at

a uniform magnification of x 23). The root shown in fig.

about the maximum size that the primary body may attain and
still remain purely tracheidal. All roots smaller than this that

have come to my attention are likewise composed of tracheids

only. When, in the larger roots (figs. 21, 23), the primary body
contains an appreciable amount of parenchyma the xylem is

broken up into rather regular groups with the Drotoxvlem
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outermost ; and when the tracheids largely disappear from

stems (figs. 9 and

may present a striking resemblance

/. Foliage. —It has been pointed out in the preceding para-
graphs that, although these plants have a wide range of varia-

tion in the primary body they form a continuous series. Such
is not the case with the foliage '* species" associated or in

organic connection with the stem remains.^ The frond species,

on the contrary, are distinct and appear to present a significant

example of the varying rate of evolution that different organs
undergo.

Sphenopteris IloeningJiausi Brongniart is so well known and
has been found so often in contact with the stems having a
dictyoxylic cortex that it needs no further mention here. It is,

however, not so well known that Sphenopteris Baumleri An-
drae has been found in organic connection with stems exhibit-

ing the dictyoxylic cortex. Although Gothan ('23), Kidston
( '23- '25) and Stur (1885) have figured this it does not seem to

have attracted the attention that it merits. While I was study-

ing in Bruxelles, Dr. Stockmans showed me two fine specimens
from the Westphalien of Belgium (Nos. 5933, 5930, Mus. d 'Hist.

Nat., Brux.) in which S. Baumleri was associated with the
dictyoxylic stems. In the latter specimen (No. 5930) the simi-

larity between the stem compressions associated with S. Baum-
leri and those to which S. Hoeninghausi is attached (Lyginop-
teris) extends beyond that exhibited by the hypodermal scler-

enchyma, for numerous spines are to be observed quite like

those found on the rachis of 8. Hoeninghausi.

In addition to these two well-defined species of Sphenop-
teris actually in organic connection with the dictyoxylic (Lygi-

* Lacking the evidence of internal structure the only characters on which the sup-

posed identity of Lyginopteris oldTiamia stems is based are the anastomosing strands

of hard cortical tissue and in some cases the presence of epidermal spines. Con-
sidering the wide distribution and abundance of L. oldhamia stem petrifactions

it is likely that many of the stem and petiole compressions exhibiting a '
' Dictyoxy-

lon, " or perhaps better a dictyoxylic cortex, actually do belong to that species;

nevertheless they cannot bo proven as such. Paleobotanists have perhaps accepted
this external evidence a bit too freely.
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nopferis type) stem, others are found in association. A speci-

men of S. taitiana Kidston from the Vendeenne region in

France has been figured by Mathieu ('37, II, pi. 7, fig. 6) in

association with a fragment of a rachis (or stem?) showing

cortical structure characteristic oiLyginopteris. Zeillcr (1897)

described a specimen of Diplotmena distans (Sternberg) Stur

which, judging from the account, must have been attached to a

stem of the dictyoxylic type

:

'^ Quant K I 'axe principnl, sa surface est divisee en compartiini^nts fusiforuies

J J

inegaux et irreguliers^ de 4 ft, 6 millimetres de longueur, eircoTiserits par des

stries longitudinalcs fleTUCUses ontre-crois(5es, qui donnont lieu de ponser que

I'^corce 6tait form6e, au voisinage de sa surface externe, de bandes sinueuses

r6siatantes,'comprenant entrc ellcs des mailles de tissu plus mou. C'est ce que a

lieu dans les ecorces du type connn sous le nom de Bictyoxylon^ ou des mailles

j)arenchymateusea aont ainsi encadrees entre des bandes shmwises de scl^ren-

chyme, organization que Williamson a reconnue notamment eliez son Lyginoden-

dron Oldhamiimru
\

"Ainsi coiistitu(5s, ces largos axes charbomicux resscmblont d'une facon

frappante 3, ceux qu 'ou observe cLez le Sphcnopteris Iloeningliausi Brongt. . . .

The petioles described under the name of Lyginoracliis like-

wise present a range in anatomical variation similar to that in

the gross external morphology of the fronds. In addition to

the petioles of Lyginopteris oldhamia five other species of

petiole (LyginoracJiis), for the most part well defined, have

been described, namely, L. taitiana Kidst. & Crookall, L. pa-

pilio Kidst. & Scott, L. Waltoni Calder, L. Broivnii Calder, and

L. sp. (Crookall, R., '31).

Summarizing briefly, it may be seen that the stem anatomy,

although highly variable, forms a nearly continuous series,

whereas the foliage and petioles, for the most pai-f, represent

well-defined species. Splienopteris Ilocninghausi is some-

what of an exception to this in that it is difficult to distinguish

from other very closely allied species. Seward in 1917 noted

that

:

"It is not an easy task even for those most familiar with CarboniferOTis

fronds to distinguish clearly between speeies agreeing generally with Sphcnop-

teris Soeninghmisij a species regarded by some authors as the type of a group

of very similar and elosely allied forms all of which were probably borne on

stems referable to the genus Lyginopteris. '

'
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The Calamopityeae

Of all the supposed pteridosperms preserved as petrified

stem remains the assemblage included under the Calamo-

pityeae presents the most difficult taxonomic problems, as is

adequately attested by the frequent revisions of members re-

tained within the group.

Calamopitys saturni linger and C. annularis (linger) Solms

are the oldest known members of the Calamopityeae as insti-

tuted by Solms-Laubach in 1896, the former species being the

genotype. A few years later Scott (1902) described two more
species of Calamopitys (C. fascicularis Scott and C. heiner-

tiana Scott) after having tentatively assigned them in a pre-

vious publication (1899) to Araucarioxylon. Zalessky ('11)

in turn proposed the genus Eristophyton to include these latter

two which differ very markedly from either C. saturni or C.

annularis in the structure of the secondary wood and in the

structure and arrangement of the primary bundles. Read
( '37) has upheld Zalessky 's genus and there can be little doubt

that this decision is correct. It is, moreover, doubtful whether
the very problematical Calamopitys radiafa Scott, with its

highly dilated rays, should remain in the genus. Lastly it may
be noted that Sphenoxylon eupunctata (D. E. Thomas) Read,
originally described as a Calamopitys, agrees neither in the na-

ture of its primary or secondary wood with C. saturni or C. an-

nularis. There can be little doubt that it is generically distinct

and for that reason the name Sphenoxylon proposed by Read
('37, p. 91) is adopted here.

Judging from the wide divergence of characters in the mem-
bers of the Calamopityeae, the family can hardly be con-

sidered a natural group, as it stands at present. Two points

are particularly significant in the history of the group, namely,

the early recognition of the similarity of Calamopitys (i.e., C.

saturni and C. annularis) to Lyginopteris, and Scott's original

description under Araucarioxylon of the species at present re-

tained in the genus Eristophyton.

The close similarity, if not actual identity, of Calamopitys

americana Scott & Jeffrey, C. saturni Unger, and C. annularis
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(Ungcr) Solms Is well known to tliose who have dealt with the

group. The differences between C. americana and C. annularis

aro exceedingly slight, while C. saturnl is supposed to be unlike

these two in having distinctly separate centrally mesarch

strands and a primary xylem consisting of a nearly confluent

ring with eccentric protoxylcm.

Through the kindness of Professor Gothan a considerable

number of the type slides of C. annularis was obtained from

Berlin.'^ They apparently were not seen by Scott at the time

he wrote his "Notes on Calamopitys linger" ('18), since the

slides he observed are still in the Scott Collection under the
I

numbers 3676-3G81 inclusive.

In the American species, C. americana, the primary body is

described by Scott and Jeffrey ('14) as follows: "So far the

primary structure —pith surrounded by a ring of nearly con-

fluent mesarch xylem strands —is quite similar to that de-

scribed in the case of Calamopitys annularis. In the American

species, however, there is strong evidence for the somewhat

unexpected conclusion that the pith was a 'mixed' one, con-

taining trachoids." Read ('37) has confirmed the existence of

a mixed pith in this plant.

In 1918 Scott notes with regard to the possible presence of

medullary tracheids in C. annularis: "I have carefully looked

into this question. In transverse sections one can distinguish

at a few places elements with thicker walls than the ordinary

parenchyma, and resembling the tracheids of the xylem ring.

But the preservation is not such as to make these indications

at all convincing." Now the slides 97 (40a) and 101(431), not
I

^ Tho fllides from Berlin cxaimned by the writer are aa follows (the numbers and

notations given aa they appear on the slides) : Radial sections: 97(40R) Calamop,

ann. Berlin Landoganat; 101(44"R) C. annul. Oulm, Saalfeld, Bi^rlin Landosanst;

49(f)R) Calamop, annular, , Culm, Saalfold, Berlin Landesanst; 101(44) Stigmarin

annularis, Saalfold^ Berlin Landesanst; 49 (6R) CaJamop. annularui, Berlin Lande-

sanst; 100(431) Stigmarin annul, Saalfeld, Berlin Landesanst; 49(6R) Cal. annul.

Berlin Landesanst; 101(44) S, annul. Culm, Saalfcld, Berlin Landesanst. Trans-

verse sections: 97 (40a) Calam. ann, Berlin Landesanst; 74(24) Stxgmaria annul.

Saalfeld, Richt., Berlin Laiulesanst; 98(41) Stigmaria annidaris, Saalfeld, Richter,

BerL Landesanst; 100(431) Stig. annul. Saalfeld Richter, Berlin Landesanst.

Tangential SECTIONS: 49 (tg) Calamop. annul. Culm, Saalfeld, Berlin Landesanst.
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seen by Scott, are very well preserved, and I believe there can

be no doubt that the pith is mixed, that is, with tracheids scat-

tered through it. Judging from a careful comparison of the

slides of C. mnericana and C. annularis in the Scott and Berlin

collections there seems to be no valid reason for the existence

of two species based on this material.

The differences between G. annularis (or C. americana) and

C. saturni are primarily the presence of a discontinuous xylem

ring in the primary body of the latter and the position of the

protoxylem. The primary body is comparatively large in the

first two species (7 mm. or more as compared with less than

2 mm. in C. saturni), but in view of the size difference in other

species of pteridosperms as shown here and the host of plants

considered by Bower ('30), that alone can bear little weight.

In the Berlin slides 97 (40a) and 100(431) of C. annularis pri-

mary xylem does not form distinctly continuous rings (pi. 9,

fig. 29) ; at least the variation from a continuous ring is of suffi-

cient significance as regards the supposed distinction of these

species.

Perhaps the most interesting slide of all those received from

Prof. Gothan is No. 74(24), labeled Calamopitys annularis. It is

quite likely that it was cut from the same specimen as the sec-

tion described by Scott ( '18, p. 214) which he tentatively as-

signed to C. annularis. Since it has a distinct bearing on the

taxonomy of these three species and is better preserved than

the slide described by Scott, a detailed description will be

given.

The distinctive features in the slide at Scott's disposal may
be briefly summarized as follows : primary body only 2.5 x 1.7

mm.
;
primary xylem forms a continuous band, while elsewhere

there are only scattered tracheids between the primary

strands
;

position of protoxylem not determined ; rays of sec-

ondary wood narrow.

In my slide the nature of the primary body may be seen in

pi. 8, fig. 18, pi. 9, fig. 30. The primary xylem resembles that

in the Scott slide but is better preserved, the protoxylem ele-

ments being centrally mesarch in most of the bundles —a dis-
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tinctivo feature of C. saturni. It may be noted, however, that

in the two bundles shown in fig. 18 the position of the proto-

xylem varies, that in the bundle at a being eccentric. On the

other hand, the xylem forms a nearly continuous ring, that part

of the primary body between the bundles proper being occu-

pied by tracheids with a few admixed parenchyma cells. There

are, however, scattered tracheids within this ring —a feature

of C. amcricana and C. annularis.

In view of this admixture of characters, it is evident that the

distinction between the three "species" is not sharp. A fea-

ture of tlieir leaf -trace anatomy may be noted. In slide 3680

(apparently cut from the same block as Berlin slide 98(41))

Scott ( '18) described two complete bundles in the cortex or

leaf base: ''Each is elongated, approximately in the radial

plane, and has three internal protoxylem groups, the latter ly-

ing toward that side of the strand which faces its neighbor."

In the Berlin slide, however, there are four instead of three

protoxylern groups in one of the strands, and their position is

eccentric towards the outside rather than on the side adjacent

to the other strand. It appears then that as the traces pass out

not only does the number of the protoxylem groups change but

also their position. This is not surprising in view of the sud-

den change that may take place in the nature of the vascular

supply of many living plants —any one who has taken the

trouble to follow the course of the bundles in the basal portion

of the petiole of such a plant as Aesculus Hippo cast anum L.

could not fail to be struck by the rapid change through a few
millimeters. Such rapid ontogenetic changes give a hint of the

caution that must be used in comparing supposedly different

fossil species unless equal parts of homologous structures be

available for comparison.

Although perhaps these three species of Calamo pity s should

not be merged until further material is obtained, in view of

the variable nature of the primary body in this and other

groups, combined with the modern concepts of ''Size and
Form," the specific distinctions are questionable. An investi-

gator of the present day would certainly describe them as var-

iant of a single species.
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Eristophyton Beinertianum (Goeppert) Zalessky and E.

fascicular e (Scott) Zalessky present certain points of interest

which are appropriate to the present discussion. In both spe-

cies the protoxylem of the leaf -trace bundles, although me-

sarch at the point of entrance, becomes endarch as it passes

down the stem. A further instance of the variation that may
be expected in size of the primary body is found in E. Beiner-

tianum. First, it may be recalled that the diameter of the pri-

mary body of the British specimens varies from 13 to 15 mm.,

while it is 8 mm. in the Falkenberg specimen (Scott, '18).

There are, moreover, four uncatalogued slides in the Scott

Collection labeled "Calamopitys, Gin Head Vent, near Tan-

tallon Castle, North Berwick." The primary xylem is poorly

preserved but in all four the sclerotic "nests" characteristic

of E. Beinertianum are prominent, and the general appear-

ance of the secondary wood leaves little doubt as to their iden-

tity. The dimensions of the primary body and the total diam-

eter (nothing outside of the secondary wood is preserved) of

the stems in these four slides are given in table i.

TABLE I

EXPLANATIONIN TEXT. ALL. DIMENSIONS IN mm.

, Slide No. Primary body Diameter over all

1

2

3

4

9 X 14
4

3.5

5

27 X 35
20
11

22 X 18

Endoxylon zonatum (Kidston) Scott was segregated from

Calamopitys (Scott, '24a) primarily on the basis of its endarch

primary xylem strands. An examination of the sections in the

Kidston Collection has convinced me that this feature is not

constant. In slide 803 Kidst. Coll., a strand may be noted that

is more mesarch than endarch.

To emphasize further the necessity of caution in the taxo-

nomic use of characters of the primary body a few examples of

plants not included within the Pteridospermae may be men-

tioned.
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Although the slides of Mesopitys Tchihatchefi (Goeppert)

Zalessky were not available for my examination, Seward's
opinion ( '17) is of interest: '^I am not convinced that the pri-

mary xylem-strands are exclusively endarch; in most of the

primary groups the protoxylem is clearly on the inner edge, but
in a few cases there may be a small amount of centripetal xylem
present.''

Certainly one of the most remarkable cases of ontogenetic

variation in the primary body is that of Selaginella spinulosa.

Here, according to Gibson (1894), in the upper region of the

erect stem seven protoxylem strands occur on the outside of

the stele. Farther down these fuse to form three (still exarch),

and in their course down the stem they gradually pass toward
the center of the stele until, in the trailing axis, they fuse to

form a single central protoxylem strand. Not only does the

number of protoxylem groups change but there is a complete

transition from centrally endarch in the trailing axis to exarch

in the stem.

A fine example of the physiological relationship between pri-

mary tracheids and parenchyma is shown in the famous fossil

hollow trees of Aran, Lepidophloios Wunschianum Carruth-
ers. Although it had long been supposed that the steles of

other plants had washed into the rotted hollow centers of the

trunk's, Walton ('35) showed that as the small solid primary
xylem enlarged upward the degree of medullation correspond-
ingly increased.

Anatomy of the Secondary Wood

As was pointed out in the introduction, a careful considera-

tion of the characters afforded by the secondary xylem presents

an outstanding gap in the literature, particularly in the light of

current studios of dicotyledonous woods. This is well illus-

trated by the original description of Megaloxylon in which the

secondary wood was described as practically identical with
Cycadoxylon (Lyginodendron) robustum. The latter has also

been compared closely with Lyginopteris oldhamia (Scott,

'23). However, if the ray structure of these three be compared
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(pl. 13, figs. 39, 40; pi. 14, fig. 42) all three are found to be dis-

tinctive.

The secondary xylem in the pteridosperms has "been studied

in detail to determine what characters, if any, are sufficiently

constant to be relied on.

Materials and Methods. —The author has been fortunate in

having had access to the type slides of the majority of the

pteridosperm woods discussed below, and in many cases the

type specimens or additional blocks have been available. The
specimens thus dealt with are

:

Cycadoxylon rohustum (Seward) Scott: portion of the type

block from the British Museum (Natural History).

Cycadoxylon anomalum (Will.) Will. & Scott : portion of the

type block from the Hunterian Museum, Glasgow University,

Glasgow.

Megaloxylon Scotti Seward: portion of the type block from
the Binney Collection, Sedgewick Museum, Cambridge.

Lyginopteris oldhamia (Binney) Potonie : numerous blocks

supplied by W. Hemingway (Derby) and J. R. Lomax (Bol-

ton)
; a block from the Binney Collection, Sedgewick Museum,

Cambridge.

Medullosa anglica Scott: block supplied by J. R. Lomax.
Medullosa Noei Steidtmann: blocks in the Botany School,

Cambridge; blocks supplied by Dr. James Schopf, Illinois

State Geological Survey.

Medullosa stellata Cotta, M. Solmsii Schenk, M. Leucharti

Solms-Laubacli : blocks deposited in the Botany School, Cam-
bridge.

Eeterangium sp.: block supplied by Prof. W. T. Gordon,
King's College, London.

Where the preservation has been particularly good serial

tangential sections have been prepared through the secondary
wood, using the cellulose-pull technique; when the wood was
not sufficiently well preserved to permit this technique ground
sections were cut as close together as possible.

The anatomy of the secondary xylem was investigated first

to determine whether or not the ray structure is constant
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throughout the radius and whether it could be correlated with

other cha,racters such as pitting and tracheidal morphology.

Since the ray structure presents the most reliable taxonomic

character of the secondary wood, the ray types into which most

of the pteridosperm woods may be segregated will be described
I ^^

and illustrated. The blocks were in varying states of preserva-

tion and in one group the rays were extremely tall. For these

reasons uniformly good photographs could not be obtained

and drawings were prepared by means of a reflector attached

to a vertical photomicrographic camera.

It is not possible to classify these woods on the basis of

their ray structure according to the system employed for an-

giosperm wood by Kribs ('35). Until more extensive studies

are made of other groups it seems best to set up an independ-

ent classification for the plants discussed here. Four rather

distinct ray types are found within the group

:

I. Eays va^ing from very low (3-4 coUa) and uniserlate to tall (usually not

over 2 mm.) and 3-4-seriate, the latter not regularly fusiform, heterogeneous.

(Chief feature is the uniform gradation betwei^n low uniseriate and rather tall

irregularly multiseriate), PI. 12^ fig. 37

Sphenoxylon, Tetrastichic, Palaeopitys, Aneurophyton,

II. Rays of groat height^ up to and exceeding 2 cm, ; sides generally parallel but

occasionally irregularly dilated; low uniseriate or fusiform rays extremely

rare; cell walls very thin, mostly unpitted; cells angular, heterogeneous, in-

tercellular spaces small.

A. Rays of first-formed secondary xylem usually narrow^ becoming greatly

dilated toward the outside, PI. 14, fig, 42 Lyginopteris.

B. Similar to A but less variable in tangential dimensions, usually not more

than 4-5 cells wide, PL 12, fig. 38; pi. 14, fig. il. .Seterangmm, Siena-

myelon, Calamopitys, Bhetinangiv/my Sutcliffia, Megaloxylon-y Medullosa

(in part)

—

M> anglicay M, Noei, M. pnsila, M, centrofilis, if. distelicay M.

Leuc^'karii,
I

HI. Rays elongate-fusiform to nearly circular (that is, with tangential and vertical

dimensions nearly equal), heterogeneous, uniseriate rays rare. PI. 11, fig. 36;

pi. 13, fig. 39

Cycadoxylotif Colpoxylon^ Ptychoxyloiif Medullosa (in part)

—

M, Solmsiy

M, gigaSy M, siellata (?)

IV. Rays mostly uniseriate, occasionally 2-4-seriate, low, generally not more than

7-10 cells high; heterogeneous; cell walls relatively thicker than in other

groups. PI. 15, figs. 43, 44

Eristaphyton, Bilignea, ProtopitySj Cladoxylonj EndoxyloTi.
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TYPE I.

Type I is illustrated by a camera-lucida sketch (fig. 37) from
slide 15T6 Petry Collection (Cornell U.). It is a partial re-

construction in the sense that it represents a composite view
of a number of the best-preserved portions of the slide. Other
slides were available and as the preservation of the stele of
this plant is in general very good the drawing is an accurate
generalized reproduction of the ray structure. The secondary
woods of Palaeopitys and Tetrastichia are not as well pre-
served, particularly the former. However, a careful examina-
tion of the slides in the Kidston and Gordon Collections indi-
cates that their ray structure is essentially the same as that
of SpJienoxylon. Although slides of AneuropJiyton have not
been available for examination, the description given by
Krausel ( '36) indicates a close similarity to the other members
of this group. Because these early forms are of particular in-

terest as possible forerunners of the Pteridospermae proper a
brief summary of the structure of their primary body is in-

eluded here :^

•Although the present treatise involves primarily the stelar anatomy of the
pteridospcrms, a discussion of the seed or megasporangiate fructifications should be
appended in order to present a composite picture of these very early Gymnospermg
or ''Pro-Gymnosperms.'* The latter term, originally introduced by Saporta and
Marion (1885) to include plants of sigillarian, calamarian, and cordaitean affinities,

or the term Hemi-Gymnosperm, is probably more truly descriptive of the plants
included under Hyp^ I than any other. On the basis of anatomy alone this may
appear too speculative but when considered in the light of the fructifications dis-

covered in recent years in these correspondingly early rocks such a belief seems
justified. The morphology of the secondary enclosing structure, the cupule, of cer-

tain Lower Carboniferous seeds is indeed a pressing problem. Recently an extraor-
dinary large cupule (6.2 cm. long) was discovered in the Lower Carboniferous oil

shales of Scotland and will be described in a separate paper. This cupule, a^ well
as Calathiops Bcrnhardti Benson, probably contained in life more than one seed,
whereas the smaller forms, such as Calymmatotheca Kidsfoni Calder (Calder, ^38),
contained only one seed as in the TTpper Carboniferous ones.

In his discussion of the affinities of that extremely interesting plant Tetrastichia
lupatides, Gordon ('38) has pointed out certain similarities with the petiole base
of Telangiutn affine, and it may also be noted that the only foliage (other than that
of Lycopods) found in association with the above-mentioned cupule is again TelaJi'

ne. The evidence of association ia highly suggestive.
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Palacopitys Milleri M'Nab (Kidston & Lang, '23). Solid pro-

tostele 1.5 mm. in diameter, protoxylem elements probably

near secondary wood. Mid-Devonian.

Aneurophyton gcrmanicumKrausQl &WeylsLiid (Krausel, '36).

Solid protostele, approximately 1.5-3 mm. in diameter, tri-

arch, tbe three protoxylem groups near the periphery. Mid-

Devonian.

TetrasticJiia hiipatides Gordon (Gordon, '38). Solid 4- or 5-

rayed protostele 1.5-2.5 mm. in diameter, with protoxylem

centrally placed in the arms. Lower Carboniferous.

Sphenoxylon eupunctata (D. E. Thomas) Read (D. E. Thomas,

'35). Primary body consisting of meduUated central column

4x2 mm., with four radiating arms of primary xylem. Up-

per Devonian.

It is of interest to note that the primary body in three of

these four genera is a solid protostele. In Sphenoxylon, with

its somewhat larger primary body, it is not surprising to find

it mixed. Bower has shown that in the Psilotales and Psilophy-

tales the; increasing size of a solid protostele is correlated

either with medullation (as in Psilotum) or stellation (as in

Asteroxylon), with the result that the xylem-parenchyma

ratio remains more or less constant. The same holds true in a

general way for these forms with secondary wood. The pri-

mary body of Palaeopitys is the smallest and is a solid cylin-

drical protostele. In the other three the primary body is larger

and is either more or less stellate as in TetrasticJiia and Aneu-

rophyton, or mixed as in Sphenoxylon. It seems evident that

the stellate protoxylem (actinostele) had its origin from the

protostele at a very early date and that both types independ-

ently gave rise to secondary growth.

TYPE II

The woods grouped under Type II constitute a rather uni-

form assemblage, at least as far as the structure of the second-

ary wood is concerned. The segregation of Lyginopteris from

the other members is based on a difference in degree —the
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greatly dilated rays as they pass outward seem to be more
generally characteristic of this plant than those placed under
the sub-type B.

The series of three draw^ings in pi. 14, fig. 42, represents por-

tions (as the rays of Lyglnopferis are exceedingly high, often

exceeding 2 cm., it is not possible to show complete rays with-

out making an unduly large plate) of a few rays of Lyginop-

teris. At a the rays are shown as they appear close to the

pith, at c as they appear at the outer border of the secondary

xylcni, while at h they are shown midway between. The total

radial distance from a\o c was 2.7 mm. The ravs do not often

attain greater tangential dimensions than those shown in c,

and it may be noted even here, in the lower left-hand corner of

the figure, that the ray is being split at two different points.

The vertical fusion of rays as they pass toward the outside

is not an uncommon feature. In fig. 42c, the ray at the right now
extending the full length of the figure has resulted from the

fusion of two separate vertically aligned rays in a and h.

The question of the phylogenetic origin of the multisoriate

ray is one that has long been disputed by anatomists, evidence

having been brought forward by Jeffrey and his students in

support of an origin from the aggregation of numerous uni-

seriate rays, and by Bailey and others in support of the widen-
ing of a uniseriate ray. In 1914 Bailey and Sinnott w^rote

:

" Multiseriate rays of varying width are •woll developed in tlie majority of

arborescent or shrubby dicotyledons and may be traced through the Tertiary

to the Middle Cretaceous . . . The investigation of the structure and develop-

ment of rays in the various families of the dicotyledons reveals much evidence
that the multiseriate rays originated by the gradual widening of primitive

uniseriate rays. '

'

In view of the evidence presented by both Schools it seems
quite likely that the multiseriate rays have had a dual origin.

That they were formed ontogenetically in Lyginopteris by the

dilation of uni- or biseriate rays is well shown in fig. 42 but
the bearing that this may have on the origin of homologous
structures in more recent seed plants is open to question.

Although the tracheid-ray ratio varies considerably in this
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plant these greatly dilated rays are general in occurrence and,
i

although widest when in association with leaf traces, they are

by no means confined to this region. In close proximity to the

leaf traces the rays, as is usually the case, lose their character-

istic shape.

Mechanics of ray division. —It has been possible in two of

the pteridosperms to trace individual rays closely enough to

determine the manner in which they divide. It was found that

in Cycadoxylon rohustum the actual mechanics of ray division

follows essentially the same process as shown for Cola logo

sis Engler & Kriiuse by Miss Chattaway ('37). A single t

cheid cuts diagonally across the ray, apparently in-

b d e

Text fig. 1. Ray division in Lyginopteris oldhamia. Explanation in the text

creasing in length by sliding growth. The unique anastomos-

ing nature of the tracheids and rays in this wood will be taken

up below.

'

In Lyginopteris the case is somewhat different, for the rays

do not simply divide by the increasing length of a single tra-

cheid initial. Blocks were selected in which the secondary wood

preserved and a series of

prepared by Although

transverse ground sections of Lyginopteris often present re-

markably fine cellular details the delicate ray tissue is rarely

sufficiently well preserved to produce a uniform scries of tan-

gential pulls. Of four especially well-preserved blocks treated

in this way one proved to be somewhat superior to the rest

(text-fig. 1). Of sixteen sections taken through a radial dis-
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tance of 1 mm. tliose shown in the text-figure have been selected

to show the mode of ray division. At a the ray may be observed
prior to any indication of division; at h it has increased its

tangential dimensions considerably and ten of the ray cells

laid down by the cambial initials have become lignified, their
walls being composed of bordered pits as in normal tracheids.
Although some of these lignified cells are no larger than the
ray-parenchyma cells certain others are distinctly elongated.
In c the number of lignified cells is smaller but those remaining
are considerably larger and the ray has been almost com-
pletely dissected.

This increase in size of the lignified ray cells, or **ray tra-

cheids," is apparently due to increase in size of certain cam-
bial initials with resultant crowding out of the others. This
increase merges imperceptibly into typical sliding growth as
the later-formed lignified cells assume a more distinctly tra-
cheidal shape. If the cell indicated at A, text-fig. 1^^ be com-
pared with the corresponding ones in c and e respectively this
becomes apparent; in the latter figure the cell formed from
the same initial had so elongated that the end could not con-
veniently be included in the figure. The resultant U-shaped
tracheids are not of uncommon occurrence, and when in asso-
ciation with leaf traces they may assume much more bizarre
forms.

Although the division of the rays is primarily due to in-

crease in size and sliding growth of certain initials there
remains the possibility of the occasional fusion of the initials

themselves.

These lignified cells may occur isolated in the rays unasso-
ciated with any later divisions. That is, an initial may lay
down a ray cell which becomes lignified while the succeeding
cell will remain a normal ray-parenchyma cell. New rays may
be formed either by this division of one into two more or less
equal parts or by a fragmentation process whereby a small arc-
shaped portion of the ray is segmented off followed by a grad-
ual dilation of the newly formed rays as shown in fig. 42.

Williamson and Scott ( '96) noted that in Lyginopteris, *' Ad-
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ditional secondary rays appear de novo in the later formed

layers, as secondary growth proceeds." . . . Their deduction

was aDDarentlv based on transverse sections in which it is very

difficult to ascertain positively the mode of origin of new rays.

It is apparent that serial tangential sections present a much

more positive means of determining ray origin, and while new

rays may arise de novo the mode of secondary ray origin as

described above is the only one that has been observed in the

present investigation.

In subtype B the rays are for the most part very narrow,

with nearly parallel sides, and of great height, being as high

as 2 cm. or more in Medullosa Noei (fig. 41). In Sutcliffia insig-

nis Scott (fig. 38) the rays are as high or higher. In slide

71 (0.73), University College Collection (London), three rays

were measured having heights of 13.6, 17.6, and 14.0 mm.,

respectively ; a fourth measured nearly 25.0 mm. These figures

do not represent extremes but cracks or spots where the

preservation is poor prevents the measurement of many rays

throughout their entire height.

In Calamopltys the rays are very tall, quite uniform in their

tangential dimensions, but somewhat broader than the other

members of this subgroup (fig. 28).

Tangential sections through the xylem of the large outer

steles C'snakerings") of Medullosa Leuckarti have been pre-

pared by Mr. Hemingway.^ Although the cellular details are

not well preserved the general shape of the rays is clearly de-

fined. They are very narrow, most of them probably not more

than two cells wide and well over a centimeter high. They are

indeed quite similar to the rays of the Medullosae of the anglica

section (Scliopf, '39), such as M. anglica and M. Noei. That

this similarity shouhl exist is not surprising for other than

being somewhat larger, the general stelar anatomy of M.

LeucJcarti is not vastly different from M. anglica. The latter

does of course lack the star-rings but this is perhaps not a

point of great distinction since there is one present in M. cen-

tro fills which Seward ('17) described as forming '*a connect-

•Slides Nos. 1060, 1061, in the Botany School, Cambridge.
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ing link with certain continental Medullosae. " The structure

of the rays tends to confirm Schopf 's tentative inclusion of

this species in his subgenus Anglorota (Schopf, '39).

Megaloxylon presents somewhat of an exception in that its

ray structure is more or less intermediate between subtype IIB
and Type III. The rays (fig. 40) do not reach the extreme
height characteristic of II and smaller rays are more abun-
dant. The larger rays tend to be fusiform although more elon-

gate vertically and not as broad as the rays of Type III.

TYPE III

The members of Type III possess rays varying from elon-

gate-fusiform to cylindrical. In general they are quite distinct

from the high, narrow, parallel-sided rays of the preceding
group. The pitting of the tracheids is likewise somewhat dif-

ferent as will be pointed out later. In view of the more or less

transitional Megaloxylon I am inclined to believe that the

members of this group may not be fundamentally different

from those of Type II but rather represent an end line of de-

velopment from the latter, typified in the extreme by the bi-

zarre Cycadoxylon anomalum.

Cycadoxylon anomalum. —This remarkable wood has been

mentioned a number of times in the literature since its original

description by Williamson in 1878. However, inasmuch as cer-

tain details of its structure have never been adequately figured

and certain questions have arisen with regards to possible

identity with Cycadoxylon rohustum (Seward, 1897) a re-

investigation was undertaken. Two fragments of the original

block were located in the Hunterian Museum, Glasgow, one of

which has been utilized for the study of the rays. A second and
somewhat larger fragment is preserved in the Williamson
Collection at the British Museum.

The fragment of secondary wood upon which the species is

based was collected from the Lower Carboniferous of Arran.

It is especially remarkable that such a highly specialized wood
should be found in this low horizon, and some doubt has been

cast by those familiar with the locality as to its actual deriva-

tion from these rocks.
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Although originally doscribed by Williamson under the

name of Lyginodendron anomalum (Williamson, 1878) it be-

came evident that there was no close affinity with Lyginoden-

dron (Lyginopteris)y and it was subsequently placed in Re-

nault's genus Cycadoxylon by Williamson and Scott (1896).

In his description of Cycadoxylon rohustum Seward (1897)

suggests a similarity between C. anomalum and that portion of

(7. rohustum where the wood is disturbed by a leaf trace:
i

^'The resemblance between Lyginodendron rohustum and Lyginodendron

anomalum as regards the structure of the wood and the form of the medullary

rays, which is specially striking in the wood of the former species where the

normal form of the rays is modified by the bending of the tracheids to a leaf-

traco bundle, points to the possibility of the two forms being closely allied to

one another. '

'

I

In order to check the constancy of the ray structure of C.

anomalum a small block was studied first by means of serial

tangential pulls through a radial distance of approximately

2 mm. When it was found that there was almost no change in

the structure of the rays through this distance the block was
ground more rapidly and photographs made directly from the

etched surface by means of reflected light.^'' This was carried

on through a radial distance of approximately 1.5 cm. where

there was very little change in the ray structure. It is certain

then that there is no close similarity between this constant tra-

cheid-ray relationship and the very irregularly contorted rays

in C. rohustum where they are associated with the leaf traces.

A careful comparison of the slides of both species in the Wil-

liamson, Scott, and Cambridge Botany School collections, com-

bined with the constant ray structure of C. anomalum as shown
above, leaves no doubt as to the specific distinction of the two.

In fact, it is probable that the distinction is a generic one.

The pitting of the radial walls of the tracheids shows con-

siderable variation from the closely compacted reticulate pit-

ting figured by Williamson (1878). Although the crowded

" Very satisfactory photographs were obtained when the silicified block waa

roughly ground down with #150 carborundum, smoothed with #500, etched for

five minutes in 25 per cent hydrofluoric acid, dried, and photographed with reflected

light.
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reticulate type (fig. 26) is common it is more often *4oose"

with the pits irregularly arranged (figs. 25, 27) and in some

tracheids they are quite distantly scattered" (fig. 24).

Cycadoxylon rohustum. —This wood was treated in essen-

tially the same manner as Lyginopteris, Although quite well

preserved, sufficiently satisfactory preparations could not be

obtained by the cellulose-pull technique. A preliminary series

of the latter through about 1 mm. of the wood did indicate,

however, that ground sections could be prepared sufficiently

close together to show the significant features of the anatomy.

Consequently, a series of 14 tangential sections extending

through a radial distance of 2.5 cm. was prepared by Mr. Hem-
ingway from fragment No. 3 of the original block (y4280 Brit-

ish Museum), the average distance between sections being

slightly less than 2 mm.
A region was then selected which was representative and

well preserved throughout the entire series. This has been

reproduced (text-fig. 2) by means of tracings made with a

photomicrographic projector. The drawings correspond to

slides 1, 3, 5, 6, 7, 10, 11, 12, and 14, respectively.^^ Those sec-

tions (Nos. 2, 4, 8, 13) which show no appreciable change over

the ones preceding them have been omitted from the series.

Text-fig. 2a represents the section nearest (2 cm. from) the pith

while / represents the outermost section. The tracheidal tissue

is shown in black and the rays in white.

The most interesting feature of the wood lies in the fact that

the new rays cut off from the older ones do not retain their

individuality and increase uniformly in size as shown in Cola

togoensis (Chattaway, '37) ; rather the rays and the tracheids

form an anastomosing network. In order to understand this

relationship an individual ray, A in text-fig. 2a, will be followed

through the series of drawings. In o a small portion of the ray

is being split off at the top and in h this is completed; in e a

second ray segment is being cut off immediately below the first

;

in / this second division is complete, there being now three dis-

tinct rays ; in the next figure, g, the first of the newly formed

u Preserved in the British Museum (Natural History), London.
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f 5 h 1 J

Text-fig. 2. Cyoad<>xylo7\ rohiustum. Series uf ray tracings showing the

anastomosing nature of the ray-tracheid tissue.
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rays has again fused with the "parent" ray, in h the second

segment follows and is completely fused in i, resulting in a sin-

gle individual ray again.

AVhile these changes have been progressing in the upper
portion of the ray A it will be noticed that another division has

taken place in h, a little above the lower extremity of that por-

tion of the ray shown in the figure ; in d two small rays are cut

off, while in c all four have again fused.

As a second example the ray E in text-fig. 2a may be fol-

lowed: this divides to form two equal rays (E and F) in h;

F divides again (figs, d and e), producing the two rays F and C
in /, while F and E fuse again in g and remain thus throughout

the remainder of the series. Although tlie structure of any sin-

gle ray may not remain constant for any great radial distance

the general tracheid-ray relationship at any point throughout

the secondary wood shows no appreciable variation.

Medullosa Solmsii. —There remains much to be known of the

Permian Medullosas of Chemnitz, and it is more than likely

that when further knowledge is forthcoming those plants in-

cluded within the genus must be segregated into a number of

different genera. In general, the rays of the Permian forms are

lower and more fusiform than those of the English and Ameri-

can species.

The detailed anatomy of the remarkable M. Solmsii is but

little known, and the structure of the rays has, to my knowl-

edge, never been figured. Weber and Sterzel (1896) figured a

tangential cut through the outer ring of meristeles in a speci-

men of the variety typica but it is not sufficiently clear to show
r

the structural details.

Five tangential sections have been prepared from two differ-

ent meristeles by Mr. Hemingway and two prepared from a
third meristele by the author. These sections include both the
* internal" and ''external" portions of the secondary wood
composing the meristeles.

This wood is frequently disturbed by the passage of leaf

traces. In the vicinity of the traces the rays are, as is usually

the case, broader, lower and less regular in shape. In that



[Vol. 27

82 ANNALS OF THE MISSOURI BOTANICAL GARDEN

ion of the wood farthest from the traces the rays are quit(

but with a considerable admixture of lower uni- and bi

seriate rays (fig. 46). The rays do not approach the great

height found in Type II, although there is no great dissimilar-

ity between them and the rays of Megaloxylon which, as pre-

viously noted, is more or less intermediate between Types II

and III.

Medullosa gigas B.E. —Slides of this species have not been

available for study. However, judging from Renault 's ( '93-

'9G) description and figures the rays are similar to those of

Gycadoxylon rohustum, clearly justifying its inclusion within

this group.

TYPE IV

Those plants included under Type IV have uniformly small

vs. onlv a few cells hie-h and mostly uniseriate, in striking

III. The rays of Biligne

(fig. 43) arc typical for

Endoxylon zonatum (fig. 44) presents a unique and

striking character in the oblique nature of the horizontal walls

of the ray cells. This does not occur in all the rays, as may be

seen in the figure, but the majority possess it.

It has been pointed out that the Calamopityeae includes gen-

era which diverge very widely in certain of their characters.

The variation in the structure of the secondary wood between

certain members of the group is evident if cither figs. 43 or 44
1 ^

be compared with fig. 28 (Calamop'itys annularis). Scott de-

scribed such wood as cordaitean and it seems likely that the

natural affinities of the following members of the Calamo-

pityeae lie closer to the cordaitean-coniferous complex than to

the ptoridosperms : Eristophyton fasciculare, E. Bciner-

tlanum, Endoxylon zonatum, Bilignca resinosa, B. solida.

The Tracheidal Morphology of the Pteridosperms

a. Pitting types. —The type of pits found in the tracheids of

the secondary wood of certain of the pteridosperms is strik-

ingly distinctive. The pits are irregular in size and shape (figs.
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50, 51, 52), angular due to their crowded nature, and not ar-

ranged in any regular order. This type is characteristic of

the f ollomng genera ; Heterangium, Lyginopteris, Rhetinan-

gium, Stenomyelon, Calamopitys, and Medullosa (anglica sec-

tion). In addition to these, Palaeopitys and Tetrastichia may
be assigned to this group, and also Aneurophyton judging

from Krausel and Weyland's description ('29) : ^'die Wande
der vierseitigen oder polygonalen Zellen sind in ihrer ganzen
Ausdehnung mit netsf ormig angeordneten Tupf eln bedeckt. '

'

Although the pitting occasionally may be typically alternate

(fig. 53) it is comparatively rare.

It should be noted, furthermore, that the pits of the meta-

xylem tracheids of these same woods are universally of this

reticulate bordered type, differing from those of the secondary

wood only in their often more irregular size and shape (fig. 49).

Certain uncatalogued slides of Stenomyelon tuedianum Kid-

ston in the Scott Collection show particularly well the rapid

transition from scalariform tracheids in the protoxylem to

reticulate in the mctaxylem (figs, 45, 52, 53),

The great geological age of these plants, the generally primi-

tive nature of the primary body, and this rapid transition, all

indicate that this reticulate-bordered pitting is palingeneti-

cally the primitive type for the metaxylem and the secondary

tracheids of this group; there is no indication in any of the

genera from the simplest, such as Palaeopitys and Tetras-

tichia, to the more advanced members, such as Lyginopteris,

that in the secondary wood this type of pitting was ever derived

from an annular or scalariform type.

The close correlation of this reticulate-bordered pitting with

the ray anatomy of the genera Stenomyelon to Lyginopteris,

as shown in table ii, is particularly significant. The range in

structure of the primary body from a solid protostele through

mixed protosteles to Lyginopteris, with a few scattered periph-

eral bundles, indicates clearly the comparative constancy

of the secondary wood throughout the group.

The pits in the secondary wood of those members grouped
under ray Types III and IV are either of the typical arauca-
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rian-cordaitean type (figs. 54, 56) or are more or less scat-
I

tered, round or oval. Protopitys, with its usually crowded elon-

gate bordered pits, presents a very distinctive type (fig. 48).

Sucli pits occur occasionally in Mesoxylon miiltirame but are

not nearly as striking as in Protopitys. The figure of BUignea
rcsinosa g. 55) is more or less typical for that genus and
Eristophyton. In Cycadoxylon rohustum and Megaloxylon

Scotti, although the pits are closely crowded, the arrangement

is more regular (tending to vertical rows) than in those woods

with the typical reticulate-bordered type. In Cycadoxylon

anomalum the pits may be closely crowded (fig. 26) but they
I

are generally more loosely arranged (figs. 24, 25, 27).
I

TABLE II

EXPLANATION IN TRXT

Tetrastichia

Aneurophyton
Palaeopitys
Stcnomyelon

Eeierangium
Ehetiriatigitt/ni

Medullosa
(anglioa section)

Calamopitys

Lyginopteris

Nature of primary
Lody

Solid protostele

Solid protostele

Solid protostele

Solid protostele with 3

narrow *' rays'' of paren-

chyma
Mixed protostele

Mixed protostele

Mixed protostele

Mixed protostele but more
highly meduUatcd than
the above three
MeduUated with distinct

scattered peripheral bun-
dles

Ray
type

Pitting of radial walla

of secondary xylem

I

I

I

II

II
II

II

II

II

Reticulate-bordered

Ecticulate-bordercd
Reticulate-bordered

Reticulate-bordered

Reticulate-bordered
Reticulate-bordered

Reticulate-bordered

Reticulate-bordered

Reticulate-bordered

b. Pitting in the tangential walls of the tracheids of the

secondary ivood. —Judging from accounts in the literature one
I

would conclude that tangential pitting in Paleozoic woods is of

rare occurrence. A careful examination of many of the stems

of Devonian and Carboniferous seed plants or supposed seed

plants reveals a somewhat different story. Reasons will be

presented below which seem to indicate that the tangential

walls of the secondary wood of all primitive seed plants, or
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rather the stock from which seed plants arose, were pitted in

the same manner as the radial walls.

In 1935 D. E. Thomas listed the following plants in which

tangential pitting was known to occur : Pitys antiqua, Palaeo-

pitys Milleri, Callixylon trifilieve, C. Newherryi, Volkelia re-

frada, Mesoxylon muUirame, Bilignea resinosa, Sphenoxylon

eupunctata.

Considering first those plants enumerated under ray Type I

it may be noted that TetrasticJiia huyatides, Palaeopitys Mil-

leri, and Aneiirophyton germanicum have all been reported as

having tangential pitting. I have been able to examine slides

of the first two in the Kidston and Gordon Collections, and for

the third, Krausel and Weyland ('29) write: "Die Mehrzahl

der Tracheiden gleicht aber auch hier deren des sekundaren

Holzes, d.h. die Wande der vierseitigen oder polygonalen Zel-

len sind in ihrer ganzen Ausdehnung mit netzformlg angeord-

neten Tiipfeln bedeckt, die in ein bis sechs Eeihen stehen kon-

nen." . . .

The tracheids of these three plants then are pitted alike on

the tangential and radial walls. Although the tangential

walls of Sphenoxylon eupunctata are abundantly pitted, the

pits are, as Thomas points out, in many cells scattered and not

crowded as in the radial walls. This tendency to lose the tan-

gential pits correlates interestingly enough with the more ad-

vanced nature of the primary cylinder of Sphenoxylon with its

highly medullated primary body.

In addition to the above, I have observed tangential pitting

in the following: Sutcliffia insignis, slide 71(0.73) University

College, London; MeduUosa anglica, slide A.M.7 Binney Col-

lection, Cambridge; Heterangium tillaeoides, slide 1621 Wil-

liamson Collection, British Museum (Natural History) ; Ueter-

angium (punctatumf), Renault Collection, Natural History

Museum, Paris; Stenomyelon tuedianum, uncatalogued slide

in the Scott Collection, British Museum; Heterangium sp.,
^

slide 91 Gordon Collection, King's College, London, and nu-

merous slides in my own collection.

The most striking occurrence of tangential pitting is found



[Vol. 27

86 ANNALS OF THE MISSOURI BOTANICAL GARDEN

in the last-mentioned Ileferangium from Burntisland. Prof.

Gordon has kindly allowed me to examine his slides and has
placed in my hands a block containing portions of two stems.

The excellent preservation of the structure made possible the

preparation of a fine series of cellulose pulls through the zone
of secondary wood. The latter is quite narrow, being little

more than 0.5 mm. wide, but the pitting is uniform on the tan-

gential walls throughout as shown in fig. 31. These specimens
of TIeterangium are closely comparable with II. Grievei.

It is particularly significant that the most primitive woods
possessing secondary xylem (Tetrastichia, Palaeopitys, and
Aneurophyton) should be pitted alike on the tangential and
radial walls, and that the somewhat more advanced forms
(Sphenoxylon and Ileterangium) show a tendency to lose the

tangential pitting. The above-noted specimens of Ileteran-

gium from Burntisland possess uniform pitting on the tangen-
tial walls, while in II. tillaeoides and 77. punctatwn the pits are

scattered. In more highly specialized forms still, such as Me-
dullosa arid SutcUffia, this character becomes relatively rare.

c. Trachcid measurements. —The great length of the tra-

cheids of such pteridosperms as Lyginopteris oldhamia and
Medullosa anglica has been noted by previous workers. Actual
measurements have never been made, however, due to the diffi-

culty of obtaining tangential longitudinal sections showing the

entire length of the tracheids and the impossibility of obtain-

ing complete serial sections with the older technique. It is

surprising to note how few good tangential sections of the rela-

tively common pteridosperms are available in the great Eng-
lish collections, a lack which may be attributed to the emphasis
placed on the primary body.

The tracheids were measured by means of complete series

of tangential cellulose pulls taken through the secondary wood.
Particularly well-preserved tracheids were chosen and traced
centripetally and centrifugally through successive pulls in

order to check the length accurately.

The tracheid lengths given for L. oldhamia are based on two
blocks containing exceptionally well-preserved secondary



1940]

ANDREWS PTERIDOSPEEMANATOMY 87

wood. Althousrh approximately 25 tracheids were fol

lowed in their entirety, the representat since

the variation in those measured was not great. The average
length was found to be 5.8 mm., with a minimum and maximum
of 5.1 and 6.7 mm., respectively.

The two species of Medullosa, M. anglica and M. Noei, have
tracheids of remarkable length. The figures given in table iii

are based on only two complete measurements, the length be-

ing so great that it is difficult to find a complete cell. In the
blocks from which the measurements of both species were ob-

tained many tracheids were traced for well over 1.5 cm. with
no termination, and it is almost certain that if figures could be

cells the average lengthcombased on more numerous
would be actually greater than that _

In the following table figures for other gymnosperms are
included for comparison, also for the dicotyledons taken from
Bailey and Tuppe These latter figures have been com
pounded from the numerous average measurements of the

older wood (not the first annual ring) given for many genera
and species included under the six arrouDs.

TABLE III

TRACHEID LENGTHS (mm.)

Lyginopteris oldhamia

Medullosa Noei

M. anglica
Cycadoxylon rohustwm

Coniferae

Cordaitales

Average Source of data

Bennettitales

Cycadales

Ginkgoalea

Angiospermae-Dicotyledeae

Blocks supplied by J. R. Lomax and
W. Hemingway

Block in the Botany School Collectionfl,

Cambridge
Block supplied by J, R. Lomax
Block supplied by British Museum

(Natural History)
Bailey & Tupper ('18),

average of 35 gen. and 131 gp.
Bailey & Tupper ('18),

average of 2 gen. and 2 sp.
Bailey & Tupper ('18),

average of 1 gen. and 2 sp.
Bailey & Tupper ('18),

average of 1 gen. and 1 ap.

Bailey & Tupper ('18),
average of 1 gen. and 1 sp.

Bailey & Tupper ('18),
average of 262 gen. and 276 sp.
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The great length of the tracheids in Lyginoptcris and par-

ticularly in Medullosa is not surprising when one considers

their transverse dimensions. In M. Noel and M. miglica these

cells may reach a diameter of 0.25 mm, and, allhongh some few

are as small as 40 m or less, the average diameter is greater

than that of any other seed plant that has come to my atten-
I

tion. It is interesting to compare the tracheid diameter of a

few representative members of the Carhoniferous pterido-

sperms witli the vessels of the earliest known (Lower Creta-

ceous) dicotvledons

:

TABLE TV

TRACHEIDANDVESSEL DIAMETERSOF CERTAIN PTERIDGSPERMSAND
LOWERCRETACEOUSDICOTYLEDONSRESPECTIVELY

1

1

1

Species

Avcrago diameter in /t*

*
Vessel Tracheid

Lygivopteris oJdhamia 72.

Medtillosa anglica 128.

liJietinangium Arhcri 45.-85.
Aptinna radiata Stopes 28. - 40.

Woburnia porosa Stopes 280.-370.
SahuUa Scottii Stopes 25.-60.
Cantia arhorescens Stopes .10. - 50.

Ilythia EJgari Stopes

1

50.- 70.

I

*Altliougli the author haa been able to study the slides of the five Lower Cretace-

ous dicotyledonous woods (Aptianay Wohiirniaj Sabulia, Cantia, and TTiffhiaJ the

figures are taken directly from Stopes ('12), The measurcnionts for M. anglica

are from slide 922, Andr Coll. 5 for L. oldhamia, an average of about 600 cells,

from slides 180, 183, Binney Coll., and 1147, 251, Scott Coll.

It is sigjiificant that the earliest known dicotyledonous woods

described by Stopes ('12, '15) are, with the exception of Wo-
burnia porosa, woods with vessels of exceptionally narrow

diameter. The tracheids of the above pteridosperms not only

equal but in some cases greatly surpass in diameter the vessels

of these early angiosperms. The distinction, then, between

diameters of tracheids and vessels in the higher plants van-

ishes when these fossils are taken into consideration.
!

The angular, irregular shape of the tracheids is particu-

larly noticeable in Medullosa (anglica section), Lyginopteris,
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and Sutcliffia (text-fig. 3). Traclieids of tliis shape are found

in certain conifers and dicotyledons, and while perhaps of

little significance their appearance is striking and has been

commented upon hy other paleobotanists.

It is significant that there is no trace to be found in the sec-

ondary wood of the pteridosperms of tracheids with scalari-

form pitting on their side or end walls such as has been de-

scribed in certain families of angiosperms and considered to

Text-fif^. 3. Sutcliffia insignis. Transverse section of second-
ary xyleni (slide 5(040) Univ. College Coll., London). X 50.

be an indication of a primitive nature. In view of the care-

fully compiled evidence obtained from living plants by such

wood anatomists as Frost ( '30, '31) and Kribs ( '35) and since

we have as yet no proof that the pteridosperms are ancestral

to the dicotyledons, it seems best for the present to withhold

further phylogenetic considerations in this respect.

Lines of Development in the Pteridosperm Complex

The discovery in recent years of new psilophytalean and

supposed seed-plant stem remains, combined with a more de-

tailed knowledge of the secondary wood of these early plants,

materially facilitates a clearer understanding of the natural

relationships of this Devonian-Carboniferous complex.
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Since Ehynia presents the simplest known type of stele it

will serve as a starting point in the present discussion. It is

evident that two stelar tj'pes may have developed from such a

protostele. With increase in size the primary body became

either medullated or con\roluted in order, supposedly, to main-

tain a more or less constant tracheid-parenchyma ratio. The

fossil record clearly indicates that the actinostele arose very

early, and like the protostele, acquired secondary wood at a
i

very early date.

In a consideration of what appear to be primitive stelar

types in which secondary wood is present, the genera under

ray Type I (Palaeopitys, Aneurophyton, Tetrastichia, and

Sphenoxylon) may be included. It seems reasonable to con-

sider Prof, Harris' very interesting Schisopodium as an in-
I

termediate form between this group and the smiple stelar types

of Rhynla and Asteroxylon, but until more is known of the

ontogeny of the "secondary" xylem of 8 chizo p o dium final

judgment must be withheld.

A stele of the Ileterangium type is not far removed from

the above-mentioned group, and from this point a number of

lines may have originated. First, with nearly complete mcdul-

lation as in Lyginopteris and the development of extra-xylary

rings as shown to occur in that genus the origin of the bizarre

medullosas lies close at hand. Secondly, the cycadophytes may
quite conceivably be derived from the Ileterangium'^^ type

through such a form as Megaloxylon. Other than size there is

not a great deal of difference between the primary body of the

two. The peculiar aggregation of the tracheids to form a leaf

trace in Megaloxylon is apparently due to the somewhat lower

tracheid-parenchyma ratio of the primary body. The second-

ary wood is in certain respects intermediate between Heteran-

gium and the cycadean type.

If it is ever possible to trace dicotyledonous ancestry to the

" The writer is quite aware of the danger of employing a few specific plants in

l)uilding supposed lines of evolution. Names, however, are Tinavoidable in such a

discussion, and it must be borne in mind that they are used only as a matter of

convenience to convey types of structure represented.
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Carboniferous it seems to me that the members of ray Type II

present the most plausible group as far as potential plasticity

is concerned. It is tempting to consider such phyletic implica-
tions with well-known pteridosperms of the Lyginopteris type
but supporting facts are still notably lacking. As far as the
stelar anatomy is concerned there is no sound basis for assum-
ing such a line of development. Further discussion of the an-
giosperms with reference to the Paleozoic plants considered
here could be only in the nature of a review or speculation.
The subject has been adequately treated, from the standpoint
of reproductive structures, by Dr. H. H. Thomas in his more
recent nauers.

Summary

1. The distinguishing characteristics of the pteridosperms
and their probable relationships to other groups are discussed
generally.

2. The primary body of the stem and root of Lyginopteris
oldhamia is considered in detail with reference to size varia-
tion, parenchyma-sclerenchyma relationship of the pith, and
the nature of the primary xylem.

3. Medullary meristematic activity is discussed and a re-

markable specimen described in which a complete medullary
cylinder of supposedly secondary xylem is present.

4. It is pointed out that there are no gaps in the stelar varia-

tion of L. oldhamia sufficiently wide to permit segregation of

varieties, whereas the foliage in organic connection or asso-

ciated with the stems presents distinct specific segregation.
This is explained partly on the basis of character phylogeny
and partly on the physiological requirements of the primary
body.

5. Evidence is summarized indicating the probable syn-
onymy of Calamopitys americanaj C. sakirni, and (7. annularis.

6. The primary body of certain other fossil and living

plants is discussed in relation to ''Size and Form" principles.

7. Four ray types are described for those plants generally
included within the Pteridos-nermae.
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8. Tlic mechanics of ray division in Cycadoxylon rohustum

is sliown to be essentially the same as Miss Chattaway de-

scribed for Cola togoensis. In Lyginopteris the method is

somewhat different and is described in detail.

9. Cycadoxylon anomalum is partially redescribed and is

sliown to possess a very constant ray structure and it is un-

questionably distinct from C. rohustum. The rays and tra-

cheids are shown to anastomose.

10. Those woods included under Ray Types I and II, par-

ticularly the latter, possess a distinctive type of pitting, the

pits being irregular in size and shape, closely crowded and ir-

regularly (reticulately) arranged. The woods grouped under

Ray Types III and IV possess either loosely arranged circu-

lar pits or the araucarian type.

11. It is pointed out that there is no evidence that the sec-

ondary tracheids of the pteridosperms ever possessed scalari-

form pitting. In the earliest known forms only well-developed

bordered pitting is found.

12. It is shown that pitting in the tangential walls of the

secondary tracheids is of much more common occurrence in

these plants than is generally supposed. It is identical with

the radial-wall pitting and occurs throughout the secondary

wood in Tctrastichia, Palacopitys, Aneuropliyton, and certain

specimens of Ileterangmm, and to a lesser extent in others.

13. The lengths of the secondary tracheids have been deter-

mined for L. oldhamia and Medullosa Noei.

14. As a whole it seems clear that the secondary wood offers

more stable taxonomic characters than the primary wood, the

latter being more readily affected by ''Size and Form" fac-

tors.
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Explanation of Plate

PLATE 5

I

Lyginopieris oldhamia. Transverse sections of stems, all x 7.5

Fig. 1. Andrews Coll. 1140.

Pig. 2. Manchester Coll. E838b.

Fig. 3. Williamson Coll. 1885HH.
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Explanation of Plate

TLATE 6

Lyginopterls oldhamia. Transverse sections of stems, all x 7.5

Fig. 4. Williamson Coll. 1116.

Fig. 5. Binncy Coll. 180. From the type specimen.

Fig, 6. Andrews Coll. 611.

Fig. 7. Scott Coll. 637.

Fig. 8. Scott Coll. 251.

Fig. 9. Cash (Manchester) Coll. QIO.

Fig. 10. Williamson Coll. 1882.
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Explanation of Plate

PLATE 7

Lyginoptcrls oldhamia.

Fig. 11. Central portion of fig. 14 more highly magnified, x 9.

Fig. 12. Showing secondary centripetal xylem associated with a primary bundle.

Manchester Coll. 1625. x 27.

Fig. 13. Anomalous meristematic activity. Manchester Coll. E1059, x 8.

Fig. 14, Stem with complete ring of *' centripetal '* secondary xylem. Man-
chester Coll. R1060. X 7.

Fig, 15. Same showing scattered nature of primary xylem adjacent to normal
secondary xylem. x 26.

Fig. 16. Portion of fig. 14 shown at magnification of x 26.
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Explanation of Plate

PLATE 8

Fi^. 17. Lyginoptcris oldhamia, Manchester Coll. 1G26. *x 7.5.

Fi^. 18. CaJamopiiys saiurni, Berlin Coll. 74. x 33.

Fig, 19. Lyginoptrris oldhamia. From an uncatalogued slide in the Scott Coll

(labeled 46) shoTving meristematie activity in the pith, -with no lignification. x 14

Lyginoptcris oldhamia. Transverse sections of roots, all x 23.

Fig. 20. Scott Coll. 647.

Fig. 21. Scott Coll. 647.

Fig. 22. Mancheater Coll. 1060.

Fig. 23. Scott Coll. 645.
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Explanation of Plate

PLATE 9

Cycadoxylon anomalum. Pitting in the radial walls of the tracheids of the sec-
I

ondary xylem.
I

Fig. 24. Scott Coll. 651. x 185.

Fig. 25. Scott Coll. 651. x 100.

Fig. 26. Scott Coll. 651. x 185.

Fig. 27. Scott Coll. 651. x 146.

Calamopitys annularis.

Fig. 28. Tangential section through the secondary xylem. Berlin Coll. 49. x 17.

Fig. 29. Showing portion of incomplete primary xylcm ring. Berlin Coll. 97.
X 11.

Fig. 30. Primary body. Berlin Coll. 74. x 14.

Fig. 31. Heicrangium sp. Showing pitting in tangential walls of secondary
tracheids. Gordon Coll. 91. x 55.
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Explanation of Plate

PLATE 10

Lyginoptcris oldhamla. Transverse sections sliowing variation in the nature of

the primary x'ylem bundles, all x 65.

Fig. 32. The normal type of bundle. Williamson Coll. 1882.

Fig. 33. From the specimen with complete ring of centripetal secondary xj^lem

un

dies but consists of a few scattered cells.

Fig. 34. University College (London) Coll. M22V(19).

Fig. 35. Manchester Coll. 1626.

t

I
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Explanation of Plate

PLATE 11

Fig. 36. Cycadoxylon anomalum. Tangential section through the secondary

xylom. X 40.
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Explanation of Plate

PLATE 12

Fig. 37. SphmoTi/Jon enpunctata. Tangential section through secondary wood

X 40.

Fig. 38. Sutcliffia insignis. Tangential section through secondary wood. X 40
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Explanation of Plate

PLATE 13

Fig. 39. CycaSoxyJon rotustum. Tangential section througL secondary xyloni.

X 40.

Fig. 40. Megaloxylon Scotti, Tangential section through secondary xyleni.

X 40.
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Explanation of Plate

PLATE 14

increase

Fig. 41. MeduUosa NocL x 40. *

Fig. 42. Lyginopteris oldhamia. Showing

ing from the pith towards the periphery of the secondary xylem; a, the rays bor-

dering on the pith; b^ the rays about half-way out; c, the rays near the outside limit

of the secondary sylem. x 40.
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MISSOURI

Explanation of Plate

PLATE 15

Pig. 43. Bilignca re^nosa. Tangential section througli secondary wood, x 40,

Fig. 44. Endoxylon zonatum. Same as above.

Fig, 45. Stenomydon tuediannm. Longitudinal section througli primary wood
showing transition from protoxylem to metaxylem. x 300.

Pig. 46. Medullosa SobnsiL Tangential section through secondary wood. Rays
in black, x 37.

within

All figures of the radial walls of secondary tracheids, except 49, which is a
metaxylem tracheid; figs. 49, 50, 51, 52, 53, traced from photographs; figs. 47, 48,

54, 55, 56, from cameraducida drawings. All approximately x 170,

Fig. 47. Mesoxylon multirame. (Scott Coll. 2360).

Fig. 48. Protopitys radicans. CKidston Ck)ll

Fig. 49. 'Rhriinangium Arbcri. (Gordon Coll. 1077).
Fig. 50. [Shetinavgium ArberL (Gordon Coll. 986),
Fig. 51. Calamopitys annularis. (Berlin Coll. 101.44).

Fig. 52. StenomycJon tuedicmim. (From uncatalogued slide in the Scott Coll.).

Fig. 53. Same as above.

Fig. 54, Dadoxylon sp. (Scott Coll. 1508).

Fig. 55. Bilignea resinosa. (Kidston Coll. 2742),
Fig. 56. Toroxylon EdwardsiL (Scott Coll. 3336).
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